Carboxyl methylation of cytosolic proteins in intact human erythrocytes. Identification of numerous methyl-accepting proteins including hemoglobin and carbonic anhydrase.
Intact human erythrocytes incubated with L-[methyl-3H]methionine incorporated radioactivity into base-labile linkages with membrane and cytosolic proteins which are characteristic of protein methyl esters. Kinetic analysis of the methylation reactions in intact cells shows that individual erythrocytes contain approximately 38,000 and 115,000 protein methyl esters with biological half-lives of 150 min or less in the membrane and cytosolic protein fractions, respectively. Fractionation of the methylated cytosolic species by gel filtration chromatography at pH 6.5 followed by sodium dodecyl sulfate-gel electrophoresis at pH 2.4 reveals that many different cytosolic proteins serve as methyl acceptors and that the degree of modification varies widely for individual proteins. For example, hemoglobin is modified to the extent of 3 methyl groups/10(6) polypeptide chains, while carbonic anhydrase contains 1 methyl group/approximately 16,500 polypeptide chains at steady state. Aspartic acid beta-[3H]methyl ester (Asp beta-[3H]Me) can be isolated from carboxypeptidase Y digests of cytosol proteins. By synthesizing and separating diastereomeric L-Leu-L-Asp beta Me and L-Leu-D-Asp beta Me dipeptides, we show that all of the Asp beta-[3H]Me recovered from cytosolic proteins is in the D-stereoconfiguration. Based on these data and on previous observations that erythrocytes contain a single methyltransferase which also methylates red cell membrane proteins at D-aspartyl residues both in vivo (McFadden, P. N., and Clarke, S. (1982) Proc. Natl. Acad. Sci. U. S. A. 79, 2460-2464) and in vitro (O'Connor, C. M., and Clarke, S. (1983) J. Biol. Chem. 258, 8485-8492), we propose that protein carboxyl methylation is part of a generalized mechanism for metabolizing damaged proteins. The infrequent and spontaneous occurrence of D-aspartyl residues in proteins adequately explains the broad substrate specificity and limited stoichiometries of protein carboxyl methylation reactions.